Perinatal hypoxic-ischemic encephalopathy: severity determinants and outcomes by Liliana Carvalho Teixeira
2013/2014 
Liliana Carvalho Teixeira 
Perinatal hypoxic-ischemic 
encephalopathy: severity 
determinants and outcomes 
março, 2014 
Mestrado Integrado em Medicina 
 
Área: Pediatria 
 
Trabalho efetuado sob a Orientação de: 
Dr Henrique Edgar Correia Soares  
E sob a Coorientação de: 
Professora Doutora Maria Hercília Ferreira Guimarães Pereira Areias 
 
Trabalho organizado de acordo com as normas da revista: 
Journal of Pediatric and Neonatal Individualized Medicine 
Liliana Carvalho Teixeira 
Perinatal hypoxic-ischemic 
encephalopathy: severity 
determinants and outcomes 
março, 2014 


  
 
 
 
 
 
 
 
 
 
 
 
Aos meus pais, Fernando e Elisabete 
  
 
 
 
Perinatal hypoxic-ischemic encephalopathy: severity determinants and 
outcomes 
 
 
 
 
Liliana Teixeira
1
, Henrique Soares
1,2
, Filipa Flor-de-Lima
1,2
, Ana Vilan
1,2
, Hercília 
Guimarães
1,2 
 
 
1
Faculty of Medicine, Porto University, Alameda Professor Hernâni Monteiro, 4200-319 Porto, 
Portugal 
2
Neonatal Intensive Care Unit, Pediatric Integrated Hospital, São João Hospital, 
Alameda Professor Hernâni Monteiro, 4202-451 Porto, Portugal  
 
 
 
 
 
 
liliana.carvalho.517@gmail.com 
hecsoares@europe.com 
filipa.flordelima@gmail.com 
vilan72@gmail.com  
herciliaguimaraes@gmail.com 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Corresponding author: 
Liliana Carvalho Teixeira 
Faculty of Medicine, Porto University 
Alameda Professor Hernâni Monteiro, 4200-319 Porto, Portugal 
Telephone number: +351 22 551 3600 
Fax Number: +351 22 551 3601 
liliana.carvalho.517@gmail.com 
 
ABSTRACT 
 
Perinatal hypoxic-ischemic encephalopathy (HIE) after perinatal asphyxia is one of the most 
critical pathologic conditions in neonatal medicine due to the potential for neurological sequelae 
in later life. The aim of our study is to identify the factors that are associated with a higher 
degree of severity in HIE and evaluate the outcomes. We performed a retrospective study of all 
newborns with HIE treated at our neonatal intensive care unit (NICU) from January 2010 to 
December 2013. Data collected include information about prenatal period, peripartum period, 
demographic characteristics, admission and evolution during NICU stay and outcomes (assessed 
in three different times: at discharge, at 6-9 months and 18 months). Forty seven newborns were 
enrolled in our study, 11 (23.4%) with mild HIE, 21 (44.7%) with moderate HIE and 15 
(31.9%) with severe HIE. Prenatal, perinatal and demographic data showed no statistically 
significant differences between groups. Statistically significant differences were found in values 
of Thompson score (p<0.0001), abnormal aEEG/EEG at admission (p=0.025) and at 48 hours 
(p=0.018), need of mechanical ventilation (p=0.004), acute renal failure (p=0.002) and length of 
stay (p=0.038) with high rates in the moderate and severe HIE groups. Regarding the outcomes, 
statistically significant differences were found in the prevalence of death (p=0.010); need of 
antiepileptic drugs at discharge (p=0.001); motor deficits requiring physiotherapy (p=0.046), 
abnormal deep tendon reflex (p=0.006) and need of antiepileptic drugs (p=0.001) at 6-9 months 
follow-up; and cerebral palsy with cognitive impairment at 18 months (p=0.041) with high rates 
in the severe HIE group. These results suggest that Thompson score, abnormal aEEG/EEG at 
admission and at 48 hours, mechanical ventilation, acute renal failure and length of stay are 
associated with more severe HIE. We also concluded that more severe HIE reflect worse 
outcomes whereas mild HIE is associated with normal outcome in the majority of patients at 18 
months. 
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INTRODUCTION 
 
Perinatal hypoxic-ischemic encephalopathy (HIE) is a syndrome of disturbed neurological 
function in the earliest days of life characterized by clinical and laboratory evidence of acute or 
subacute brain injury [1]. 
The most frequent cause of HIE in the neonatal period is perinatal asphyxia. All pathological 
conditions that lead to prenatal, perinatal, or postnatal hypoxia and tissue hypoperfusion are 
etiologic factors of HIE [2]. 
Perinatal HIE is associated with high morbidity and mortality rates worldwide, despite the 
improvements in perinatal care [3].  
This condition occurs in 2-6/1000 live full-term births, reaching larger rates in developing 
countries [3, 4]. Approximately, 15%–20% of aﬀected newborns will die in the postnatal period, 
and an additional 25% will develop severe and permanent neuropsychological sequelae, 
including cerebral palsy, mental retardation, learning difficulties, visual motor or visual 
perceptive dysfunction and epilepsy [5-7].  
Brain injury associated with HIE involves a complex cascade of pathophysiologic mechanisms 
that occur in two energy failure phases. The interval between primary and secondary energy 
failure represents a latent phase that corresponds to a therapeutic window [5-10]. Therefore, to 
improve the care in perinatal HIE, it is necessary to focus on the period of time following the 
hypoxic-ischemic event, when the therapeutic strategies could be critical in the reduction of 
secondary neuron damage [8, 10].  
Currently, the treatment options for HIE were largely supportive with prompt recognition and 
treatment of seizures, normalization of blood glucose levels, optimizing blood gases and blood 
pressure [11]. Recently, experimental and clinical studies have shown that treatment with 
prolonged moderate hypothermia reduces cerebral injury and thereby improves neurological 
outcomes [9, 12-20]. Despite the unequivocal therapeutic benefit of hypothermia, there is 
evidence that infants with the most severe forms of HIE will maintain a poor prognosis [17-19]. 
Other neuroprotective therapies used concurrently with hypothermia or even alternatively are 
then required. There are many potential treatments under investigation including biological 
mediators such as erythropoietin and melatonin, N-acetylcysteine, allopurinol, alpha-2 agonists 
and xenon gas [21]. 
As with any condition, identifying the factors that are associated with a high degree of severity 
in HIE is the key to developing preventive strategies. 
The aim of our study is to identify the factors that are associated with a higher degree of severity 
in HIE and evaluate the outcomes according to the degree of severity of HIE. 
 
METHODS 
 
Authors performed a retrospective study of all newborns with HIE admitted at our center, a 
level III neonatal intensive care unit (NICU) between January 2010 and December 2013. 
The inclusion criteria were clinical diagnosis of hypoxic-ischemic encephalopathy and 
gestational age ≥ 36 weeks. 
The newborns included in this study were divided into three different groups according to the 
classification of Sarnat and Sarnat - mild, moderate and severe [22] done at admission in our 
NICU.  
Data was collected from medical records and included information about individual 
characteristics of the mother and prenatal period (mother’s age, complications during pregnancy 
such as diabetes mellitus, preeclampsia and cholestasis), peripartum period (rupture of 
membranes, cardiotocography tracing, acute intrapartum events, delivery method, Apgar score 
at first and fifth minute, reanimation and pH during first hour of life), demographic 
characteristics  (gestational age, sex, birth weight, born inside/outside of our hospital) and 
admission and evolution during NICU stay (Thompson score [23] at admission in NICU, 
clinical or electric seizures during NICU stay, antiepileptic drugs, need of mechanical 
ventilation, inotropic support, antibiotics, complications like intracranial hemorrhage and acute 
renal failure – diagnosed as an increase of serum creatinine concentration (≥1.5 mg/dL,) and/or 
reduce of urine output (<0.5 mL/kg per hour), induced hypothermia protocol, length of stay and 
death). Since the induced hypothermia protocol was introduced in our NICU in October 2011, 
only newborns born after this date underwent to this treatment (if fulfill eligibility criteria). 
Information about aEEG/EEG (admission and at 48 hours), cranial ultrasound (during the first 
five days of life with resistive index at admission) and MRI (second week of life) were also 
collected.  
The aEEG/EEG background pattern was classiﬁed (in increasing severity) as described 
previously [24]: continuous normal voltage (CNV), discontinuous normal voltage (DNV), burst 
suppression (BS), low voltage (LV), and ﬂat trace (FT). Seizures on aEEG were defined by an 
abrupt rise in the minimum and maximum amplitude, confirmed on raw EEG showing repetitive 
spikes or sharp wave activity with duration of at least 10 seconds.  
Traces with CNV background and EEG seizures absent were classiﬁed as “normal.” When EEG 
seizures were present or background activity was DNV, BS, LV, or FT the traces were classiﬁed 
as “abnormal” [25].  
Cranial ultrasound performed in the first days of life was classified in: normal, general increase 
in echodensity of cerebral parenchyma (edema), increased periventricular echodensity and 
increased basal ganglia and/or thalami echodensity [26]. A color Doppler ultrasound was used 
to calculate resistive index. MRI scanner (T1, T2 and diffusion-weighted) was performed to 
document abnormal signal intensities within the basal ganglia and thalami, white matter, 
posterior limb of internal capsule, cortex, brainstem, and cerebellum. MRI was classified as: no 
lesions, mild lesions, moderate lesions and severe lesions [27]. 
The outcomes were assessed in three different times: at discharge, at 6-9 months and 18 months. 
Outcomes were evaluated by a multidisciplinary team using neurodevelopmental assessment 
tools and/or via medical interviews and physical examination. At discharge, the following 
aspects were evaluated: neurological examination, need of oxygen therapy, feeding skills and 
need of antiepileptic drugs. The assessment of 6-9 months has focused on neurological 
examination findings – motor deficits requiring physiotherapy and abnormal deep tendon reflex, 
need of antiepileptic drugs, ophthalmological examination, brainstem auditory evoked response 
(BAER) and presence or not of renal failure. At 18 months, a formal developmental assessment 
was performed using Mary Sheridan's developmental evaluation scale and Griffiths mental 
development scales in some infants. Based on the results of these scales the infants were divided 
into three groups: cerebral palsy with cognitive impairment, other neurodevelopmental 
disabilities (such as developmental delays in language skills and in controlling muscle 
movement - motor skills) and survival without neurological abnormality. 
This study was approved by our institutional ethics committee and access to medical records 
was authorized by the office designated for this function. Data collection and statistical analysis 
were performed with IBM SPSS Statistics v.21 ®. Continuous variables were characterized by 
mean (± standard deviation) and median (medium-maximum) if they had symmetric or 
asymmetric distribution respectively and categorical variables by absolute and relative 
frequencies. To compare continuous variables we used parametric (One-way ANOVA test) or 
non-parametric (Kruskal Wallis test) tests if they had symmetric or asymmetric distribution 
respectively, and Mont Carlo test to compare categorical variables. A multivariate analysis by 
logistic regression (categorical variables) was performed. A p value less than 0.05 was 
considered statistically significant. 
 
RESULTS 
 
From 2010 to 2013, 47 newborns with the diagnosis of HIE and gestational age ≥ 36 weeks 
were admitted in our NICU and are enrolled in this study. Newborns were divided into three 
different groups: mild HIE (n=11, 23.4%), moderate HIE (n=21, 44.7%) and severe HIE (n=15, 
31.9%). As newborns included in this study were born between 2010 and 2013, not all reached 
the minimum age for the assessment of 6-9 months and 18 months and some were lost during 
follow-up. Thus, 33 of the 47 newborns were evaluated at 6-9 months and 18 at 18 months. 
The analysis of the prenatal, perinatal and demographic data showed no statistically significant 
differences between groups except for the mode of delivery (Table 1 and 2). In the mild HIE 
group, 45.5% of deliveries were vacuum assisted and 45.5% were C-section whereas in the 
severe HIE group 73.3% were C-section (p=0.041). Noteworthy that 65.5% of CTG tracing 
were suspicious (Table 2). Almost every newborns admitted to NICU showed an Apgar score at 
the first minute less than 6 (95.7%) and most remained with an Apgar score less than 6 at the 
fifth minute in moderate and severe HIE groups (71.4% and 80%, respectively (Table 2)). The 
mean pH measured during the first hour of life was less than 7 in all groups with no significant 
differences between them as well the type of reanimation techniques required (Table 2). 
During the study period, 70.2% of the newborns underwent induced hypothermia protocol in the 
NICU (Table 3).  
Thompson score on admission was evaluated in 34 newborns. The median for Thompson score 
was 4 for the mild HIE group, 8 for the moderate HIE group and 13.5 for the severe HIE group 
(p<0.0001) (Table 3). 
Statistically significant differences were found in both the aEEG/EEG on admission and at 48 
hours (Table 3). At admission aEEG/EEG was abnormal in 73.3% of the newborns in the 
moderate HIE group and in 66.7% in the severe HIE group (p=0.025), at 48 hours aEEG/EEG 
was abnormal mainly in severe HIE group (70%, p=0.018). When adjusted to induced 
hypothermia therapeutics, the newborns with severe HIE have a higher probability of exhibiting 
an abnormal aEEG/EEG at 48 hours (OR= 14, p=0.01). The presence of clinical or electrical 
seizures during NICU stay was higher in moderate and severe HIE groups (66.7% and 53.3%, 
respectively; p=n.s) (Table 3).   
Cranial ultrasound performed in the first days of life revealed high intragroup variability 
concerning the different findings such as edema, increased echodensity of periventricular zone, 
thalamus and/or basal ganglia and no statistical differences were found. Nevertheless, in the 
severe HIE group all newborns had an abnormal cranial ultrasound (Table 3). The median of 
resistive index was similar between groups (Table 3). The MRI findings showed a high 
variability between groups. In severe HIE group, 75% of newborns had some kind of lesion on 
MRI, and severe lesions were mainly found in these newborns (Table 3). The prevalence of 
acute renal failure during the NICU stay was 46.7% in the severe HIE group vs 4.8% in the 
moderate HIE group (p=0.002) (Table 3). When adjusted to induced hypothermia therapeutics, 
the chance of acute renal failure occurrence during NICU stay in severe HIE group was higher 
(OR=17.33, p=0.013). Statistical differences were also found in the need of mechanical 
ventilation and length of stay with higher rates in moderate and severe HIE groups (p=0.004 and 
p=0.002, respectively) (Table 3).  
The prevalence of death was 26.7% in the severe HIE group vs 0% in mild and moderate HIE 
groups (p=0.010) (Table 3). The other variables studied during evolution in NICU are 
summarized in Table 3. 
In the short-term outcome (discharge), there were statistically significant differences between 
groups for the need of antiepileptic drugs and 45.5% of the newborns in the severe HIE group 
were discharged treated with antiepileptic drugs (p=0.001). There were no statistically 
significant differences between groups for the other outcomes at discharge (Table 4 – section 
discharge).  
Assessment of the 6-9 months, differences were found between groups for motor deficits 
requiring physiotherapy (p=0.046), abnormal deep tendon reflex (p=0.006) and need of 
antiepileptic drugs (p=0.001) (Table 4 – section 6-9 months). When adjusted to induced 
hypothermia therapeutics, the severe HIE group have a higher probability of having motor 
deficits requiring physiotherapy at 6-9 months (OR=14.34, p=0.027).  
Regarding the outcomes assessed at 18 months, cerebral palsy with cognitive impairment was 
present only in the severe HIE group (50%, p=0.041) (Table 4 – section 18 months). The 
prevalence of other neurodevelopmental disabilities in mild HIE group was 14.3% and in 
moderate HIE group was 47.3% (p=0.381) (Table 4 – section 18 months). Most of infants in 
mild HIE group survived without neurological abnormalities (85.7%), although there were no 
significant differences between groups for this outcome (Table 4 – section 18 months).  
  
  
DISCUSSION 
 
Several risk factors have been associated with HIE such as: older maternal age, severe pre-
eclampsia, peripartum fever, acute intrapartum event, meconium staining of amniotic fluid, non-
spontaneous vaginal modes of delivery and male sex [28-32]. Indeed, most of these risk factors 
were found in our study population. However, the aim of our study was to determine the factors 
associated with the severity of HIE. 
Our data showed statistically significant differences in the mode of delivery between the groups. 
In the mild HIE group most deliveries were C-section or vacuum assisted and in the severe HIE 
group most were C-section, whereas in the moderate HIE group one third were vaginal 
deliveries. The final mode of delivery is determined by the delivery plan and response to 
intrapartum events. Although there is a significant difference between the groups regarding the 
type of delivery, this doesn’t mean that a particular type of delivery is associated with more 
severe HIE. In our study, prenatal, perinatal and demographic data showed no differences 
between groups (except mode of delivery as mentioned previously), which demonstrated that all 
these variables are not associated with more severe HIE. Regardless of the severity of HIE, 
Apgar scores at 1st and 5th minutes are similar between the groups as well as the pH in the 1st 
hour of life and reanimation techniques required during the first minutes of life. The severity 
was associated with abnormalities found on neurological examination, demonstrated by values 
of the Thompson score progressively higher as the severity increases (mild group – 4, moderate 
group – 8, severe group – 13.5; p<0.0001). This could be explained based on fact that 
Thompson score contains many of the features included in the three stages of Sarnat and Sarnat 
[23].  
In term infants, aEEG/EEG is a good method for evaluating cerebral function and cerebral 
recovery after hypoxic-ischemic event such as perinatal asphyxia [33]. In our study, abnormal 
aEEG/EEG at admission was mainly found in moderate and severe HIE groups and at 48 hours 
most of newborns with moderate HIE had a normal aEEG/EEG. This possibly means that these 
newborns had a cerebral recovery during the first 48 hours of life. In the other hand, newborns 
with severe HIE remained with an abnormal aEEG/EEG at 48 hours of life. 
Other factor associated with severe HIE, in this study, was acute renal failure. In fact, several 
studies have shown that severity of renal function abnormality correlates well with degree of 
asphyxia [34, 35]. The need of mechanical ventilation and longer length of stay were also 
associated with more severe HIE.  
A recent systematic review shows that alterations on MRI performed at the end of the first week 
or the beginning of the second week of life are evident in 75%–100% of patients with HIE [36]. 
However, in our study, most of the newborns with severe HIE had alterations on MRI (75%) 
and severe lesions were mainly found in these newborns. 
Regarding outcomes, adverse outcomes are particularly associated with the severe HIE group 
and this association remains when adjusted for induced hypothermia. All deaths in our study 
occurred during NICU stay and all in the severe HIE group. Cerebral palsy with cognitive 
impairment at 18 months was also found only in the severe HIE group. At 18 months, 47.3% of 
infants in moderate HIE group have some degree of neurodevelopmental disability but none 
developed cerebral palsy with cognitive impairment, in mild HIE group almost of infants 
survived without neurological abnormalities. Our results are similar to those found in the 
literature, i.e. more severe HIE reflect worse outcomes and mild HIE is associated with normal 
outcome in the majority of patients at 18 months [37]. The short follow-up period is a limitation 
of this and many other studies of outcomes after HIE. There is emerging evidence that confirm a 
high prevalence of subtle impairment in children who escape severe disabling conditions after 
HIE, which only becomes apparent at school age [38]. There is a need for longer-term follow up 
of infants in order to collect more accurate information on more minor degrees of neurological 
dysfunction. 
HIE continues to be a significant source of morbidity and mortality among newborn infants, and 
the effects of this injury are broad.  Actually, induced hypothermia is the standard of care in 
HIE. Nevertheless, an adjunctive therapy or therapies to use along with hypothermia are an 
immensely attractive area of study and could potentially benefit infants.  
The major limitation of our study consists in its design. As it is a retrospective study, it mainly 
relies on information from medical records, with possible inaccuracies and loss of data. Another 
limitation is related to the fact that not all newborns were evaluated at 6-9 months and at 18 
months because not all reached the minimum age for the assessment and some were lost during 
follow-up. 
CONCLUSION 
 
In this study, none of prenatal, perinatal and demographic data showed association with severe 
HIE. The severity of HIE was determined mainly by abnormalities found on neurological 
examination, demonstrated by values of the Thompson score progressively higher as the 
severity increases. Abnormal aEEG/EEG at admission and at 48 hours, acute renal failure, need 
of mechanical ventilation and longer length of stay were also associated with more severe HIE.  
Regarding outcomes, our results are similar to those found in the literature, i.e. more severe HIE 
reflect worse outcomes whereas mild HIE is associated with normal outcome in the majority of 
patients at 18 months.  
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Table 1 – Demographic data 
 * Monte Carlo test, § One Way ANOVA test, ¥ Kruskal Wallis test 
  
 Total 
(n = 47) 
Mild HIE 
(n = 11) 
Moderate 
HIE 
(n = 21) 
Severe 
HIE 
(n = 15) 
p 
Male sex, n (%) 27 (57.4) 5 (45.5) 11 (52.4) 11 (73.3) 0.363* 
Gestational age (wk), mean 
± SD 
39.36 ±  
1.32 
39.09 ±  
1.30 
39.48 ± 
1.25 
39.40 ± 
1.50 
0.616§ 
Birth weight (g), median 
(min-max) 
3310 
(1896-
4320) 
3300 
(2250-
4320) 
3400 
(2360-
4020) 
3230 
(1896-
4020) 
0.521¥ 
Outborn, n (%) 27 (57.4) 4 (36.4) 11 (52.4) 12 (80) 0.080* 
Table 2 – Prenatal and perinatal data 
 
 Total 
(n = 47) 
Mild HIE 
(n = 11) 
Moderate 
HIE 
(n = 21) 
Severe 
HIE 
(n = 15) 
p 
Maternal age (years), 
median (min-max) 
32 (18-
42) 
32  (18-
40) 
33 (21-42) 29 (18-
41) 
0.476¥ 
Pregnancy complications, n 
(%) 
Pre-eclampsia 
Gestational diabetes 
Cholestasis 
 
1 (2.1) 
4 (8.5) 
1 (2.1) 
 
0 (0) 
0 (0) 
0 (0) 
 
0 (0) 
3 (14.3) 
1 (4.8) 
 
1 (6.7) 
1 (6.7) 
0 (0) 
 
 
0.684* 
ROM > 18h, n (%) 7 (14.9) 1 (10) 6 (31.6) 0 (0) 0.051* 
CTG, n (%) 
Normal 
Suspicious 
Pathological 
 
6 (20.7) 
19 (65.5) 
4 (13.8) 
 
3 (42.9) 
5 (57.1) 
0 (0) 
 
2 (16.7) 
8 (66.7) 
2 (16.7) 
 
1 (10) 
7 (70) 
2 (20) 
 
 
0.620* 
Acute intrapartum events, n 
(%) 
Peripartum fever 
Meconium staining of AF 
Nuchal cord 
Placental abruption 
Uterine rupture  
 
 
6 (12.8) 
16 (34) 
8 (17) 
6 (12.8) 
2 (4.3) 
 
 
1 (9.1) 
2 (18.2) 
2 (18.2) 
2 (18.2) 
0 (0) 
 
 
3 (14.3) 
10 (47.6) 
5 (23.8) 
1 (4.8) 
1 (4.8) 
 
 
2 (13.3) 
4 (26.7) 
1 (6.7) 
3 (20) 
1 (6.7) 
 
 
0.908* 
0.240* 
0.482* 
0.345* 
0.700* 
Delivery, n (%) 
Vaginal 
Vacuum assisted 
Forceps assisted 
C-section 
 
9 (19.1) 
14 (29.8) 
1 (2.1) 
23 (48.9) 
 
0 (0) 
5 (45.5) 
1 (9.1) 
5 (45.5) 
 
7 (33.3) 
7 (33.3) 
0 (0) 
7 (33.3) 
 
2 (13.3) 
2 (13.3) 
0 (0) 
11 (73.3) 
 
 
0.041* 
Apgar score 1st min, n (%) 
0-6 
7-10 
 
45 (95.7) 
2 (4.3) 
 
11 (100) 
0 (0) 
 
19 (90.5) 
2 (9.5) 
 
15 (100) 
0 (0) 
 
0.495* 
Apgar score 5th min, n (%) 
0-6 
7-10 
 
33 (70.2) 
14 (29.8) 
 
6 (54.5) 
5 (45.5) 
 
15 (71.4) 
6 (28.6) 
 
12 (80) 
3 (20) 
 
0.387* 
pH – 1st hour, mean ± SD 6.94 ± 
0.15 
6.95 ± 
0.15 
6.99 ± 
0.12  
6.88 ± 
0.17 
0.132§ 
Reanimation 
PPV 
ETI 
Chest compressions 
Drugs 
 
41 (89.1) 
32 (69.6) 
8 (17.4) 
6 (13) 
 
9 (81.8) 
5 (45.5) 
2 (18.2) 
1 (9.1) 
 
18 (90) 
15 (75) 
2 (10) 
1 (5) 
 
14 (93.3) 
12 (80) 
4 (26.7) 
4 (26.7) 
 
0.706* 
0.163* 
0.477* 
0.213* 
ROM: rupture of membranes; CTG: cardiotocography; AF: amniotic fluid; PPV: positive pressure 
ventilation; ETI: endotracheal intubation 
* 
Monte Carlo test, 
§
 One Way ANOVA test, 
¥ 
Kruskal Wallis test 
 
  
Table 3 – Admission and evolution in NICU  
 
 Total 
(n = 47) 
Mild HIE 
(n = 11) 
Moderate 
HIE 
(n = 21) 
Severe 
HIE 
(n = 15) 
p 
Thompson score, median 
(min-max) 
9 (2-16) 4 (2-15) 8 (4-13) 13.5 (10-
16) 
<0.0001¥ 
aEEG/EEG abnormal – 
admission, n (%) 
23 (69.7) 2 (28.6) 11 (73.3) 10 (66.7) 0.025* 
aEEG/EEG abnormal – 
48h, n (%) 
10 (33.3) 1 (16.7) 2 (14.3) 7 (70) 0.018* 
Seizures, n (%) 
Antiepileptic drugs, n (%) 
25 (53.2) 
24 (51.1) 
3 (27.3) 
3 (27.3) 
14 (66.7) 
13 (61.9) 
8 (53.3) 
8 (53.3) 
0.102* 
0.186* 
Cranial ultrasound, n (%) 
Normal 
Edema 
Increased echodensity 
of periventricular zone 
Increased echodensity 
of thalamus and/or 
basal ganglia 
 
7 (17.1) 
16 (39) 
7 (17.1) 
 
11 (26.8) 
 
4 (36.4) 
2 (18.2) 
4 (36.4) 
 
1 (9.1) 
 
3 (16.7) 
8 (44.4) 
2 (11.1) 
 
5 (27.8) 
 
0 (0) 
6 (50) 
1 (8.3) 
 
5 (41.7) 
 
 
 
0.069* 
Resistive index , median 
(min-max) 
0.65 
(0.40-
0.80) 
0.62 
(0.56-
0.79) 
0.66 (0.52-
0.80) 
0.66 
(0.40-
0.80) 
 
0.992¥ 
MRI, n (%) 
Normal 
Mild lesions 
Moderate lesions 
Severe lesions 
 
16 (44) 
7 (19.4) 
7 (19.4) 
6 (16.7) 
 
2 (40) 
1 (20) 
1 (20) 
1 (20) 
 
11 (57.9) 
4 (21.1) 
3 (15.8) 
1 (5.3) 
 
3 (25) 
2 (16.7) 
3 (25) 
4 (33.3) 
 
 
0.377* 
MV, n (%) 35 (74.5) 4 (36.49) 17 (81) 14 (93.3) 0.004* 
TPN, n (%) 38 (80.9) 8 (72.7) 18 (85.7) 12 (80) 0.648* 
Inotropic support, n (%) 18 (38.3) 2 (18.2) 7 (33.3) 9 (60) 0.090* 
Antibiotics, n (%) 46 (97.8) 10 (90.9) 21 (100) 15 (100) 0.228* 
Induced hypothermia, n 
(%) 
33 (70.2) 3 (27.3) 17 (81) 13 (86.7) 0.003* 
Sepsis, n (%) 3 (6.4) 0 (0) 2 (9.5) 1 (6.7) 0.742* 
Intracranial hemorrhage, n 
(%) 
4 (8.5) 0 (0) 3 (14.3) 1 (6.7) 0.542* 
Acute renal failure, n (%) 8 (17) 0 (0) 1 (4.8) 7 (46.7) 0.002* 
Length of stay, median 
(min-max) 
9 (1-39) 5 (1-12) 10 (3-26) 9 (1-39) 0.038¥ 
Death, n (%) 4 (8.5) 0 (0) 0 (0) 4 (26.7) 0.010* 
MRI: magnetic resonance imaging; MV: mechanical ventilation; TPN: total parental nutrition 
* 
Monte Carlo test, 
¥ 
Kruskal Wallis test 
  
Table 4 – Outcomes assessed at discharge, at 6-9 months and at 18 months 
 
OUTCOME 
Total 
(n = 43) 
Mild HIE 
(n = 11) 
Moderate 
HIE 
(n = 21) 
Severe 
HIE 
(n = 11) 
p 
DISCHARGE 
Abnormal neurological 
examination, n (%) 
10 (23.3) 1 (9.1) 4 (19.0) 5 (45.5) 0.159* 
Oxygen need, n (%) 1 (2.1) 0 (0) 1 (4.8) 0 (0) 0.870* 
Without feeding skills, n (%) 10 (23.3) 2 (18.2) 3 (14.3) 5 (45.5) 0.193* 
Antiepileptic drugs, n (%) 6 (14) 1 (9.1) 0 (0) 5 (45.5) 0.001* 
 
Total 
(n = 33) 
Mild HIE 
(n = 9) 
Moderate 
HIE 
(n = 17) 
Severe 
HIE 
(n = 7) 
p 
6-9 MONTHS 
Motor deficits requiring 
physiotherapy, n (%) 
14 (42.5) 3 (33.3) 5 (29.4) 6 (85.7) 0.046* 
Abnormal deep tendon 
reflex, n (%) 
3 (10) 0 0 3 (50) 0.006* 
Seizures, n (%) 3 (9.1) 1 (11.1) 0 (0) 2 (28.7) 0.058* 
Antiepileptic drugs, n (%) 5 (15.2) 1 (11.1) 0 (0) 4 (57.1) 0.001* 
Abnormal BAER, n (%) 2 (10.5) 1 (16.7) 1 (11) 0 (0) 0.417* 
Abnormal ophthalmological 
examination, n (%) 
1 (5.3) 0 (0) 0 (0) 1 (50) 0.108* 
Renal failure, n (%) 1 (6.3) 0 (0) 1 (5.6) 1 (14.3) 0.440* 
 
Total 
(n = 18) 
Mild HIE 
(n = 7) 
Moderate 
HIE 
(n = 7) 
Severe 
HIE 
(n = 4) 
p 
18 MONTHS 
Cerebral palsy with cognitive 
impairment, n (%) 
2 (11.1) 0 (0) 0 (0) 2 (50) 0.041* 
Other neurodevelopmental 
disabilities, n (%) 
4 (22.2) 
 
1 (14.3) 
 
3 (47.3) 
 
0 (0) 
 
0.381* 
 
Survival without neurological 
abnormality, (%) 
12 (66.7) 6 (85.7) 4 (57.1) 2 (50) 0.539* 
BAER: brainstem auditory evoked response 
* 
Monte Carlo test 
 
Agradecimentos 
 
 
 
Agradeço ao Dr. Henrique Soares, por ter aceite ser meu orientador, pelo seu interesse, 
motivação, disponibilidade e ajuda durante toda a realização do trabalho. 
À Professora Doutora Hercília Guimarães, agradeço a oportunidade de realizar a minha 
dissertação de tese de mestrado no Serviço de Neonatologia/Pediatria, por ter aceite ser minha 
co-orientadora e pela sua ajuda durante a realização do trabalho. 
À Dra. Filipa Flor-de-Lima, agradeço o seu interesse, ajuda  e completa disponibilidade. 
À Dra. Ana Vilan, agradeço a sua disponibilidade e as suas críticas construtivas. 
Agradeço em especial aos meus pais e ao meu irmão, pelo carinho, educação e apoio durante 
todo o meu percurso académico.  
Agradeço ao Filipe o seu apoio incondicional e compreensão. 
 
 
 
 
 
 
 
 
 
 
 
 
 
ANEXOS 
Journal of Pediatric and Neonatal Individualized Medicine (JPNIM) 
Author Guidelines 
The Papers must be written in English or Italian and must be original (not published elsewhere 
in whole or in part). 
Text 
Please submit the text in a Word file. 
Papers length should be generally around 20,000 characters. 
All acronyms in the text should be expanded at first mention, followed by the abbreviation in 
parentheses. 
Please use the following font: Times New Roman, 11 pt. 
For paragraph formatting, please use single spacing and full justification. 
Do not use boldface or underline character formatting; use italics just for technical terms 
or not English words. Use quotation marks just for quotations or to underline a particular word 
meaning. 
Do not insert footnotes. Divide the text in paragraphs and assign a title to each part. 
Abstract and keywords 
For every article, authors should send: 
 an abstract of 250-300 words, and 
 6 keywords. 
Abstract and keywords must be in English also for Italian articles. 
Figures and tables 
Figures (graphs, charts, photographs, and illustrations) and tables should be submitted 
separately from the text file: 
 for graphs and charts, use Excel files; 
 for photographs and illustrations, use JPEG, PNG or TIFF files (or, at least, 
PowerPoint); 
 for tables, use Excel or Word files. 
Please only use the following fonts in figures: Helvetica or Arial. 
Authors should quote figures and tables in the text and should number them in the order in 
which they appear in the text. Each figure and table should be accompanied by a short 
description. 
Figures and tables must be original. 
Please note that editors and the publisher could evaluate the sent files overall and decide to 
modify the number of figures and tables. 
References 
Please list the references in order of citation in the text, in square brackets. 
For each entry, please clearly indicate the following data: names of all the authors, title of the 
article/book, publication year. Moreover, for journal articles, indicate journal title, volume, 
issue, first and last page of the article; for websites, indicate the last access; for books, indicate 
the book publisher and its head office. If you want to quote a chapter within a book, please add 
information on the chapter (title and authors). Examples: 
 article (see and follow Pub Med citations): Mishra J, Dent C, Tarabishi R, Mitsnefes 
MM, Ma Q, Kelly C, Ruff SM, Zahedi K, Shao M, Bean J, Mori K, Barasch J, 
Devarajan P. Neutrophil gelatinase-associated lipocalin (NGAL) as a biomarker for 
acute renal injury after cardiac surgery. Lancet. 2005;365(9466):1231-8. 
 book: Cowan CP, Cowan PA. When partners become parents: the big life change for 
couples. New York: Basic Books, 1992. 
 chapter within a book: Eyben E. Fathers and sons. In: Rawson B (Ed.). Marriage, 
divorce and children in ancient Rome. Oxford: Clarendon Press, 1991. 
 website: http://guidance.nice.org.uk/CG54, last access: April 2012. 
Author Listing 
For each author, please list the following items: name, surname, institutional affiliations. 
To facilitate the publisher’s communication with authors, please list also the e-mail addresses. 
Submission Preparation Checklist 
As part of the submission process, authors are required to check off their submission's 
compliance with all of the following items, and submissions may be returned to authors that do 
not adhere to these guidelines. 
1. The submission has not been previously published, nor is it before another journal for 
consideration (or an explanation has been provided in Comments to the Editor). 
2. Authorship credit shall be based on 1) substantial contributions to conception and 
design, acquisition of data, or analysis and interpretation of data; 2) drafting the article 
or revising it critically for important intellectual content; and 3) final approval of the 
version to be published. Each and every person listed as an author meets conditions 1, 2 
and 3. Acquisition of funding, collection of data, or general supervision of the research 
group alone does not constitute authorship. 
3. All contributors who do not meet the criteria for authorship are to be listed in an 
Acknowledgments section at the end of the article.  Financial and material support are 
also acknowledged. 
4. No conflicts of interest exist or are clearly indicated at the end of the article. 
5. The text adheres to the stylistic and bibliographic requirements outlined in the Author 
Guidelines, which is found in About the Journal. 
6. I authorise the processing of my personal information under the Italian Legislative 
Decree n° 196/2003. 
 
